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Six patients with univentricular heart and one patient 
with d-transposition of the great arteries had transection 
of the main pulmonary artery with an end to side anas•
tomosis of the main pulmonary artery to the ascending 
aorta to relieve subaortic obstruction. Two operations 
were performed as a palliative procedure within the first 
6 months of life and five were performed as part of a 
definitive repair (four modified Fontan procedures and 
one repair of transposition of the great arteries with 
The management of patients with sub aortic obstruction as 
a component of a complex congenital cardiac malformation 
poses a difficult surgical problem, Patients with univentri•
cular heart, anterior subaortic outlet chamber and outlet 
foramen obstruction represent a significant portion of this 
group, In addition, certain types of right ventricular outflow 
obstruction in transposition of the great arteries cannot be 
resected easily (1,2), Several reports (3-12) have suggested 
techniques to relieve or bypass the outlet foramen obstruc•
tion, The technique of anastomosing the proximal pulmo•
nary artery to the ascending aorta was originally proposed 
by several surgeons (13-15) in 1975 as part of physiologic 
repair for patients with transposition of the great arteries 
without subaortic obstruction, We have used this technique 
in patients with univentricular heart or transposition of the 
great arteries to bypass subaortic obstruction, 
We report our experience in creating this type of' 'double 
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ventricular septal defect). There was one surgical death 
(14%) occurring 1 day postoperatively from low cardiac 
output. The remaining six patients are doing well 1 to 
19 months postoperatively (mean 11.4 months). The 
proximal pulmonary artery to ascending aorta end to 
side anastomosis is an effective means of bypassing sub•
aortic obstruction associated with complex congenital 
heart disease. 
(J Am Coil CardioI1986;7:617-U) 
outlet outlet" 1) in conjunction with placement of a poly•
tetrafluoroethylene aortopulmonary shunt to prepare infants 
for eventual Fontan-type repair, 2) together with right atrium 
to distal pulmonary artery anastomosis (modified Fontan 
procedure) in children with univentricular heart, and 3) in 
conjunction with closure of a ventricular septal defect and 
interposition of a conduit between the right ventricle and 
distal main pulmonary artery in transposition of the great 
arteries with ventricular septal defect and subaortic obstruction, 
Methods 
Patients. From August 1983 to April 1985, seven pa•
tients underwent end to side proximal pulmonary artery to 
ascending aorta anastomosis for subaortic obstruction in 
association with complex congenital heart disease, Six of 
these patients had univentricular heart (four with left-sided 
outlet chamber and two with right-sided outlet chamber), 
and one had transposition of the great arteries, ventricular 
septal defect and subaortic obstruction, These seven patients 
(five male and two female) constitute the study group, 
Data analysis. The hospital records of these seven pa•
tients were examined for details of history, physical ex•
amination, chest radiograph and postoperative course, The 
pathologic specimen and autopsy report were reviewed in 
the patient who died. 
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Table l. Summary of Findings of Seven Patients With Subaortlc Ob,truction Relieved by Proximal Pulmonary Artery to A,cendmg 
Aorta Anastomo,IS 
Patient! 
Sex BIrth Date 
11M 4/~U 
21M 2/83 
3/F 5175 
4/M 3176 
5/M 12176 
6/M 10174 
7/F 8/80 
Anatomic Dlagno'l, 
UVH-L, left 
A VV atre"a, COA 
UVH-L, double 
Inlet A VV, COA 
UVH-L, double 
inlet A VV, COA 
UVH-L, left 
AVVatre,la 
UVH-L, hypoplastIc 
left AVV 
UVH-L, double 
Inlet AVV, 
,traddiing nght A VV 
TGA, VSD,COA 
Cathetenzatlons 
4/83 UVH, COA 
7/g3 Severe ,ubAo obstructIon, 
60 mm Hg gradient 
10/83 UVH, COA 
2/84 Severe ,ubAo ob,truction, 
70 mm Hg gradient 
5175 UVH, COA 
8179 Moderate subAo ob,tructlOn, 
30 mm Hg gradient 
7/83 reCOA, ,ubAo ob,tructlOn, 
gradient from LV to DAo 
81 mm 
10/83 ,ubAo ob,tructlon, 
gradient 56 mm Hg LV to 
DAo, 45 mm LV to AAo 
3176 UVH 
7/83 No ,ubAo ob,tructlOn measured 
6179 UVH, left AVV steno"s, 
mIld ,ubAo obstructIon, 
re,trIctlve ASD 
6/84 Mild subAo ob,tructlOn, 
10 mm gradient 
10174 UVH 
11175 Moderate wbAo ob,truction, 
30 mm Hg gradient 
10177 Severe subAo ob,tructIon, 
75 mm Hg gradient 
3/85 Mild subAo ob,tructlOn, 
15 mm Hg gradient 
8/80 TGA, VSD, COA 
4/84 reCOA, subAo obstructIOn, 
28 mm Hg gradient RV to 
DAo 
8/84 Balloon anglOpla,ty of COA 
E,tlmatlon of Seventy 
of Subaortlc 
Ob,tructlon 
Angiogram 
MIld 
Moderate-severe 
Moderate-dynamic 
Severe 
NA 
Mild 
Moderate 
NA (the angiogram 
wa, of the COAl 
NA 
MIld 
Mild 
Moderate-dynamic 
MIld 
Mild 
Severe 
Mild 
None 
Moderate 
NA (the angiogram 
was of the COAl 
AAo = ascendIng aorta, ASD = atnal septal defect; A VV = atnoventncular valve, COA = coarctation, CT cardiothoraclc; CXR = chest 
X-ray film; DAo = descendmg aorta; LV = left ventrIcle; NA = not applIcable, PA = pulmonary artery; RV = rIght ventricle; subAo = subaortlc, 
Case Histories (Table 1) 
Patients 1 and 2. These patients were infants with uni•
ventricular heart of the left type and left anterior subaortic 
outlet chamber. Both underwent prior repair of coarctation 
of the aorta and pulmonary artery banding, and Patient I, 
with left atrioventricular valve atresia, also had a balloon 
atrial septostomy. Both had mild (18 and IS mm Hg. re•
spectively) subaortic obstruction at the time of the initial 
operation. The subaortic obstruction progressed rapidly over 
4 months, the gradient increasing to 60 and 70 mm Hg, 
respectively. Both patients then underwent transection of 
the main pulmonary artery, end to side proximal pulmonary 
artery to ascending aorta anastomosis and placement of a 5 
mm polytetrafluoroethylene shunt from the ascending aorta 
to the distal pulmonary artery (Fig. 1). Patient 1 died on 
the first postoperative day from low cardiac output due to 
excessive pulmonary blood flow. At autopsy, the outlet 
foramen measured 3 x 1.5 mm. The proximal pulmonary 
artery to ascending aorta anastomosis was widely patent 
(Fig. 2), Patient 2 had an unremarkable postoperative course 
and is doing well 14 months later (Fig, 3). 
Patients 3, 4, 5 and 6. These four patients had univen•
tricular heart of the left type and anterior subaortic outlet 
chamber (in Patients 3 and 6 the outlet chamber was right•
sided and in Patients 4 and 5 the outlet chamber was left•
sided); all underwent transection of their main pulmonary 
artery and creation of a proximal pulmonary artery to as•
cending aorta anastomosis in conjunction with a modified 
Fontan procedure, 
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Table 1. (contillued) 
PatIent! 
Sex 
11M 
21M 
3/F 
4/M 
5/M 
6/M 
7/F 
EstImatIon of Seventy 
of Subaortlc 
Ob~tructIon 
EchocardlOgram 
Mild 
Mild 
Mild 
Mild 
NA 
NA 
NA 
Technically Inadequate 
NA 
None 
NA 
Mild 
NA 
NA 
NA 
Moderate 
NA 
NA 
Severe 
ST Depre,,,on 
on Electrocardiogram 
:2 mm 
3 mm 
Absent 
eT RatIo 
on eXR 
0.70 
057 
058 
045 
061 
055 
066 
LIN ET AL 
RELIEF OF SUBAORTIC OBSTRUCTION 
619 
Surgery 
4/83 eOA repair. PA band. 
Blalock-Hanlon ,eptectomy 
8/83 PA-AAo ana~tomo,,,. 
aortopulmonary ~hunt 
10/83 eOA repair. PA banding 
2184 PA-AAo anastomo",. 
aortopulmonary ,hunt 
5175 eOA repair. PA banding 
10/83 PA-AAo anastomm,,,. 
modified Fontan procedure 
3176 PA banding 
9/83 PA-AAo anastomo"s. 
modified Fontan procedure 
8179 Blalock-Hanlon septectomy. 
PA banding 
8/84 PA-AAo ana,tomm,ls. 
modified Fontan procedure 
1175 PA banding 
11175 Removal of PA band. 
enlargement of ASD. 
resectIOn of subAo muscle 
4/85 PA-AAo anastomo",. 
modified Fontan procedure. 
permanent pacemaker 
In~ertIOn postoperatIve Day 
12 
8/84 eOA repair. PA banding 
9/84 PA-AAo anastomo"s. Hancock 
valved conduIt. YSD closure 
Outcome 
Alive. 
dOing well 
Alive. 
dOing well 
Alive. 
doing well 
Alive. 
dOing well 
Alive, 
dOing well 
Alive. 
doing well 
TGA = d-tram,posltIon of the great artene,. UYH unIventncular heart. UVH-L = unIventricular heart of the left type; YSD = ventncular septal 
defect. 
Patient 3 had undergone previous coarctation repair and 
pulmonary artery banding in infancy. At cardiac catheter•
ization before the Fontan procedure, she had a 45 mm Hg 
gradient across the outlet foramen (as measured from the 
left ventricle to ascending aorta). Angioplasty of that re•
coarctation site was successful. At catheterization 18 months 
postoperatively, the pulmonary artery to ascending aorta 
anastomosis was widely patent (Fig. 4). 
Patient 4 had undergone pulmonary artery banding in 
infancy and had no measurable subaortic gradient at cardiac 
catheterization 2 months before repair. Nevertheless. a 45 
mm Hg subaortic gradient was measured intraoperatively 
after completion of the Fontan procedure with a right atrium 
to pulmonary artery direct anastomosis. A proximal pul•
monary artery to ascending aorta anastomosis was created, 
augmented by a polytetraftuoroethylene patch. successfully 
eliminating the gradient (Fig. 5). At catheterization 18 months 
postoperatively, the outlet foramen still appeared unob•
structed. The pulmonary artery to ascending aorta anasto•
mosis was widely patent. 
Patient 5, with moderate left atrioventricular valve hy•
poplasia, had undergone a Blalock-Hanlon septectomy and 
pulmonary artery banding at 2 years of age. He had only a 
10 mm Hg gradient measured across the outlet foramen at 
preoperative catheterization although the outlet foramen ap•
peared very narrow on angiography. The pulmonary artery 
to aorta anastomosis was performed because of concern that 
subaortic obstruction would be progressive. At catheteriza•
tion I month postoperatively the gradient was 5 mm. 
Patient 6 had undergone pulmonary artery banding in 
infancy. He developed severe sub aortic obstruction over 3 
years with a 75 mm Hg gradient measured at catheterization. 
He underwent removal of the pulmonary artery band, en•
largement of the atrial septal defect and resection of sub-
620 
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Coorctotlon 
repair 
B 
aortic muscle. At cardiac catheterization 3 months after 
surgery, there was residual stenosis of the main pulmonary 
artery and the subaortic gradient was 10 mm Hg. At cardiac 
Figure 2. Patient I. A, Autopsy specimen, internal view of the 
main ventricle with outlet foramen (OF) obstruction. The proximal 
pulmonary artery (PPA) to ascending aorta (AAo) anastomosis is 
patent, as well as the shunt connecting the ascending aorta to the 
distal pulmonary artery (DPA). B, The heart viewed from the left•
sided outlet chamber (OC). The anastomosis (arrowheads) is widely 
patent. 
Proxlmol PA 
to ascending 
oorto 
onostomosls 
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Figure 1. Patient I. A. DIagram il•
lustrates the preoperalive anatomy of 
univentricular heart of the left ven•
tricular type, with left anterior sub•
aortic chamber, ventriculoarterial dis•
cordance. left atrioventricular (A V) 
valve atresia and atrial septal defect 
(ASD), with subaortic obstruction 
caused by a restrictive outlet foramen. 
B, After palliation, the proximal pul•
monary artery (P A) has been anasto•
mosed to the ascending aorta and a 
polytetrafluoroethylene (PTFE) graft 
placed between the ascending aorta and 
distal pulmonary artery. An adjustable 
snare encircles the shunt. IVC = in•
ferior vena cava; RA = right atrium; 
SVC = superior vena cava. 
catheterization before the current surgery, the gradient across 
the outlet foramen was 15 mm Hg. 
The postoperative course of these four patients was com•
plicated by moderate to severe pleural and pericardial ef•
fusions. Patient 6 required permanent pacemaker insertion 
for atrioventricular dissociation. They are all doing well 18, 
19 and 8 months and 1 month postoperatively, respectively. 
Patient 7. This patient had transposition of the great 
arteries and a mal alignment-type ventricular septal defect. 
She had undergone coarctation repair and pulmonary band-
]i-.I __ Ifilim..;l!ilIii_--:,t 
,/ 
B 
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Figure 3. Patient 2. Postoperative two-dimensional echocardio•
gram in the apical view demon~trate, the widely patent proximal 
pulmonary artery (PPA) to ascending aorta (AAo) ana,tomoSIS 
(arrowheads) and the obstructed outlet foramen (OF). mf = m•
ferior; I = left; OC = outlet chamber; r = right; sup = supenor; 
V = main ventricle. 
ing in infancy as well as successful percutaneous balloon 
angioplasty of recurrent coarctation 4 months before sur•
gery. At cardiac catheterization before repair. she had a 28 
mm Hg gradient between the right ventricle and descending 
aorta which was due to malalignment of the infundibular 
septum. The origins of both the right and left pulmonary 
arteries were stenosed by distal migration of the pulmonary 
band. which made her a poor candidate for the arterial switch 
procedure. Corrective surgery consisted of transection of 
the main pulmonary artery and creation of a proximal pul•
monary artery to ascending aorta anastomosis. and closure 
of the ventricular septal defect, committing both great ar•
teries to the left ventricle and interposition of a no. 16 
Hancock conduit between the right ventricle and distal pul•
monary arteries. The aortic valve leaflets were oversewn 
because mild aortic regurgitation was noted preoperatively 
(Fig. 6). Cardiac catheterization on the first postoperative 
day demonstrated no significant residual left to right shunt, 
no conduit obstruction and only trivial pulmonary valve 
regurgitation (Fig. 7). Her course was complicated by renal 
insufficiency necessitating 2 weeks of peritoneal dialysis. 
Her renal function subsequently returned to normal and she 
is doing well 7 months postoperatively. 
Discussion 
In 1975, several surgeons (13-15 ) independently pro•
posed a new extracardiac technique for patients with trans•
position of the great arteries involving transection of the 
main pulmonary artery. end to side anastomosis of the prox-
LIN ET AL 
RELIEF OF SUBAORTIC OBSTRUCTION 
621 
imal pulmonary artery to the ascending aorta and placement 
of a synthetic conduit from the right ventricle to the distal 
pulmonary artery. The technique was not suggested as a 
solution for subaortic obstruction. 
Relief of subaortic obstruction. Patients with univen•
tricular heart and sub aortic outlet chamber may develop 
obstruction of the outlet foramen, especially after pulmonary 
artery banding (3,4). These patients have a high mortality 
rate with corrective surgery (l0,12). For this reason, either 
surgical enlargement of the outlet foramen or some form of 
aortopulmonary anastomosis is needed to relieve or bypass 
the outlet foramen obstruction before physiologic repair 
( 10.12). While enlargement of the outlet foramen has been 
accomplished in this lesion, relief of obstruction may be 
incomplete and there is always the risk of injury to the 
conduction system, especially in cases of left-sided outlet 
chamber (16). Moreover. the atrioventricular valve tensor 
apparatus or accessory cushion tissue sometimes contributes 
to outlet foramen obstruction (17). making direct enlarge•
ment even more problematic. For this reason. various forms 
of aortopulmonary anastomoses have been suggested to by•
pass the outlet foramen obstruction. 
Experience with pulmonary artery to ascending aorta 
connections. In 1976, Yacoub and Radley-Smith (18) first 
reported success in combining pulmonary artery to ascend•
ing aorta anastomosis with Fontan-type repair by a direct 
anastomosis of the proximal pulmonary artery to the as•
cending aorta. In 1981, Doty et al. (6) bypassed an ob•
structed outlet foramen by transecting the pulmonary artery 
and anastomosing the proximal pulmonary artery to the as-
Figure 4. Patient 3. Postoperative lateral ventriculogram dem•
onstrates the restrictive outlet foramen (OF) and the aortopulmo•
nary connection. AoV = aortic valve; OC = outlet chamber; 
PV = pulmonary valve; V = main ventncle. 
oc 
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Proximal PA 
to ascending 
aorta 
anastomosIs 
Figure 7. Patient 6. Postoperative lateral angiogram in the aor•
topulmonic root demonstrates a wide anastomosis between the two 
great vessels. AoV = aortic valve; PV = pulmonary valve. 
I 
PV 
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Figure 5. Patient 4. A, Diagram illus•
trates the preoperative anatomy of a uni•
ventricular heart of the left type, with left 
anterior subaortic outlet chamber, ventric•
uloarterial discordance, left atrioventric•
ular valve atresia, atrial septal defect (AS D) 
and subaortic obstruction caused by a re•
strictive outlet foramen. B, After physi•
ologic repair, the proximal pulmonary ar•
tery (P A) has been anastomosed to the 
ascending aorta, augmented by a poly•
tetraftuoroethylene patch, and a modified 
Fontan procedure created (right atrial to 
pulmonary artery anastomosis). The in•
teratrial baffle committing the pulmonary 
venous return to the right atrioventricular 
valve is not demonstrated in the diagram. 
Other abbreviations as in Figure I, 
Figure 6. Patient 6. A, Diagram illustrates the pre•
operative anatomy of ventriculoarterial discordance, 
atrial septal defect (ASD) and malalignment-type ven•
trIcular septal defect. B, After repair, the proximal 
pulmonary artery (P A) has been anastomosed to the 
ascending aorta, and a conduit interposed between the 
right ventricle and distal pulmonary artery. The patch 
closing the ventricular septal defect committing the 
aorta to the left ventricle (LV) is not shown in this 
diagram. Other abbreviations as in Figure 1. 
cending aorta with a Dacron tube graft. In 1984, Park et 
a!. (9) employed a direct end to side proximal pulmonary 
artery to ascending aorta anastomosis accompanied by anas•
tomosis of the proximal left pulmonary artery to the aorta, 
Also, in 1984, Penkoske et aL (10) described the creation 
of an aortopulmonary window proximal to a pulmonary 
artery band in three patients as a palliative procedure. Three 
other patients underwent a pulmonary artery to ascending 
aorta anastomosis at the time of modified Fontan procedure, 
two by direct anastomosis and one with an interposed tube 
graft. The results were poor. Barber et al. (12) described 
one patient who died of low cardiac output postoperatively 
after an end to side proximal pulmonary artery to ascending 
aorta anastomosis in conjunction with a polytetrafluoro•
ethylene shunt from the ascending aorta to the distal pul•
monary artery. Four other patients, three of whom died, 
had a proximal pulmonary artery to ascending aorta anas•
tomosis in conjunction with a modified Fontan procedure. 
Waldman et ai. (2) used a proximal pulmonary artery to 
ascending aorta anastomosis to relieve subaortic obstruction 
lACC Vol 7. No .1 
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in two patients who had transposition of the great arteries 
and ventricular septal defect and who died postoperatively. 
One patient with double outlet right ventricle underwent 
proximal pulmonary artery to ascending aorta anastomosis 
in conjunction with a modified Fontan procedure and is 
doing well. Ceithaml et al. (19) described their use of the 
"Damus-Stansel-Kaye" procedure (13-15) in patients with 
transposition or double outlet right ventricle. One patient 
with transposition had subaortic stenosis, but it was not 
specified whether the septum was intact or whether a ven•
tricular septal defect was present as in our Patient 7. The 
operative mortality was high (58%). Recently, Jonas et al. 
(20) reported three infants with a single ventricle who under•
went a successful palliative procedure with a proximal pul•
monary artery to ascending aorta anastomosis and a modified 
BIalock-Taussig shunt in the manner developed by Norwood 
et al. (21). 
We have had a favorable experience with the use of the 
proximal pulmonary artery to ascending aorta anastomosis, 
which may be related in part to the fact that we operated 
on our patients very soon after subaortic obstruction was 
recognized, before cardiac decompensation occurred. Sub•
aortic obstruction may be dynamic and one should consider 
this technique even in the face of a mild gradient if the 
appropriate anatomy is present. Operative mortality from 
repair in patients with univentricular heart and obstructed 
outlet foramen is related to outlet foramen gradient, car•
diomegaly and ST depression on electrocardiogram (12). 
Our only death was in an infant undergoing a palliative 
procedure for a 60 mm Hg gradient across the outlet fora•
men, with a cardiothoracic ratio of 0.70 on chest radiograph 
and 2 mm of ST depression. 
Control of pulmonary blood flow. In those patients 
palliated by proximal pulmonary artery to ascending aorta 
anastomosis with a central shunt to the distal pulmonary 
artery, control of pulmonary blood flow is critical to a good 
result. The only death in the seven patients in this series 
occurred because of excessive pulmonary blood flow and 
inadequate systemic perfusion. This was poorly tolerated in 
the ischemic ventricle and resulted in acidosis and cardiac 
arrest, which might have been prevented by reducing the 
shunt size. We now use smaller size polytetrafluoroethylene 
grafts appropriate to the size of the patient, and leave an 
adjustable snare subcutaneously so that shunt flow can be 
reduced under local anesthesia without repeat thoracotomy 
(Fig. I). 
Operative technique. Certain technical aspects of the 
technique of proximal pulmonary artery to ascending anas•
tomosis are important. The incision into the aorta should be 
chosen with the aorta distended before cross-clamping to 
prevent later distortion. The incision into the aorta should 
not extend too far inferIorly to avoid the ostia of the coronary 
arteries which can be obstructed by distortion once the sys•
temic pressure is restored. The anastomosis may require 
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augmentation anteriorly using a small polytetrafluoroethy•
lene patch as in Patient 4. The question of closure of the 
aortic valve is an interesting one in cases in which the aorta 
communicates with the pulmonary ventricle and the pul•
monary artery with the systemic ventricle. This was rec•
ommended by Damus (13) and Kaye (15) to avoid post•
operative desaturation due to ejection into the aorta from 
the pulmonary ventricle. An attempt was made to avoid this 
in Patient 7 by placing the ventricular septal defect patch 
committing both great arteries to the left ventricle, and at 
the same time oversewing the aortic valve to prevent the 
mild aortic regurgitation that had been present preopera•
tively. 
Conclusion. The technique of transection of the main 
pulmonary artery followed by end to side anastomosis to 
the ascending aorta is a safe, effective and versatile means 
of bypassing forms of subaortic obstruction that are haz•
ardous or difficult to relieve directly. We recommend per•
forming this anastomosis at the time of palliative or phys•
iologic repair in patients with a small outlet foramen on 
angiography or two-dimensional echocardiography, even if 
there is only a mild gradient across the outlet foramen at 
the time of catheterization. By relieving the outlet foramen 
obstruction early in this group of patients, further decom•
pensation may be avoided. 
Addendum 
Since submission of this manuscript, two additional pa•
tients, 31f2 and 7 years old, have undergone a modified 
Fontan procedure combined with anastomosis of the prox•
imal pulmonary artery to the ascending aorta. Each had a 
univentricular heart with subaortic obstruction, and has done 
well 8 and 9 weeks, respectively, after operation. 
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